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Multiple IndependentNetwork Rails

Usingmultiple independentnetworksis anemerging technique
to (1) overcomebandwidthlimitationsand(2) enhance
fault-tolerance.
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Examplesof Multirailed Machines

� ASCI White atLawrenceLivermoreNationalLaboratory–
mostpowerful computerin theworld, IBM SP

� TheTerascaleComputingSystem(TCS)at thePittsburgh
SupercomputingCenter– thesecondmostpowerful
computerin theworld, Quadrics

� ASCI Q machine,currentlyunderdevelopmentatLos
AlamosNationalLaboratory, Quadrics.

� Infiniband

� ExperimentalLinux clusters,QuadricsandMyrinet
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OpenProblems

� Rail assignment

� Stripingovermultiple rails

� Implementationof communicationlibraries(e.g.,MPI,
CrayShmem)

� Multiple railsandI/O interfaces

� Not muchis known onhow to usemultiple rails
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Rail Allocation
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Rail Allocation

UsingMultirail Networksin High-PerformanceClusters– p.10/44



Bidir ectionalTraffic on the I/O bus

� Most PCIbussescannotefficiently handlebidirectional
traffic with highperformancenetworks

� Typically, aggregatebidirectionalbandwidthis only 80%of
theunidirectionalone(Intel 840,ServerworksHE, Compaq
Wildfire)

� Thesameproblemis likely to appearin thefirst Infiniband
andPCI-X implementations(e.g.,thosebasedon theIntel
870)

� Bidirectionaltraffic is very commonin ASCI applications
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Stateof the Art on Rail Allocation

� A commonalgorithmto allocatemessagesto rails is to
choosetherail basedon theprocessid of thedestination
process(rail = destination_id � � �

RAILS)

� Multiple processescancompetefor thesamerail evenif
otherrails areavailable

� No messagestriping

� No attemptto minimizebidirectionaltraffic
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Outline

� BasicAlgorithm

� Staticrail allocation

� Dynamicrail allocationwith local information

� Dynamicrail allocationwith globalinformation

� Hybrid algorithm

� Experimentalevaluation

� Conclusion
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BasicAlgorithm

� Thebasicalgorithmdoesn’t useany communication
protocol

� Whenevera nodeneedsto senda message,itsendit onone
rail,choosingit in round-robinfashion

� Thisbasecasecanserve to illustratetheeffectsof boththe
overheadof theotherprotocolsandthepenaltiesof the
bidirectionaltraffic
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Static Rail Allocation

� With staticrail allocationeachnetwork interfacecaneither
sendor receivemessages,andthedirectionis definedat
initialization time.
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Lower Bound with Static Rail Allocation
A highnumberof rails is requiredfor staticallyallocated
unidirectionaltraffic.
A network with r rails cansupportnomorethann nodes,where
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Dynamic Algorithm with Local Inf ormation

� With thedynamicalgorithmsthedirectionin which each
network interfaceis usedcanchangeover time

� Thelocal-dynamic algorithmallocatestherails in both
directions,usinglocal informationavailableon thesender
side

� Messagesaresentover rails thatnot sendingor receiving
othermessages

� Messagescanbestripedover multiple rails

� Thereis noguaranteethattraffic will beunidirectional
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Dynamic Algorithm with Global Inf ormation

� Thedynamic algorithmtriesto reservebothend-points
beforesendingamessage

� In its corethereis a sophisticateddistributedalgorithmthat
(1) ensuresunidirectionaltraffic atbothendsand(2) avoids
deadlocks,potentiallygeneratedby multiple requestswith
acyclic dependency
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Dynamic Algorithm: Implementation Issues

� Theefficient implementationof thisalgorithmrequires
someprocessingpower in thenetwork interface,which
needsto processcontrolpacketsandperformthe
reservationprotocolwithout interferingwith thehost

� For example,theQuadricsnetwork interfaceis equipped
with a threadprocessorthatcanprocessanincoming
packet,dosomebasicprocessingandsenda reply in asfew
as2 �s

UsingMultirail Networksin High-PerformanceClusters– p.24/44



Dynamic Algorithm
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Deadlock(Li velock) in the Dynamic Algorithm
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DeadlockAvoidancein the Dynamic Algorithm
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DeadlockAvoidancein the Dynamic Algorithm
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Hybrid Algorithm

� Thedynamicalgorithmincursa substantialoverhead,for
everymessagesize.

� Thehybrid algorithmsendsshortmessagewithouta
reservationprotocol

� Shortmessagesarenot striped

� It cancausebidirectionaltraffic for ashorttime
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Experimental Framework

� We focusourattentionona family of fat-trees
interconnectionnetworks,rangingfrom 32 to 128
processingnodes

� Up to 8 independentrails

� Low level simulationof thenetwork (network modelbased
on theQuadricsnetwork)

� We simulatethecommunicationprocessorin thenetwork
interface

� We testthenetwork usingasyntheticcommunication
benchmark

� We assessthenetwork performanceby usingto parameters,
theoverall accepted bandwidth andthemessagelatency
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Results- Bandwidth, 4KB messages
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Results- Latency, 4KB messages
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Results- Bandwidth, 64KB messages
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Results- Latency, 64KB messages
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Results- Latency vs MessageSize
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Results- Bandwidth vsNumber of Rails
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Results- Rail Scalability vs MessageSize
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Results- Saturation Points vsMessageSize
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Results- Hybrid, Bandwidth with Striping
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Results- Hybrid, Latency with Striping
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Conclusion

� We presentedseveralalgorithmsto allocatemultiple rails,
static,dynamicandhybrid

Thestaticalgorithmrequiresahighnumberof rails,we proved
a theoreticalboundwith constructive algorithm

Thedynamicalgorithmperformsrelatively well for relatively
largemessagesizes

Thisalgorithmis scalablewith thenumberof rails
Incorporatingprotocol-freeshortmessagehandlingin the

hybrid algorithmfurtherly increasesperformanceof thedynamic
algorithm
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Resources

� More informationcanbefoundator

http://www.c3.lanl.gov/~fabrizio

� Or by sendinganemailto

fabrizio@lanl.gov or eitanf@lanl.gov
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